Background Although non-alcoholic fatty liver disease (NAFLD) is associated with obesity and metabolic syndrome (MS), it may also be present in lean individuals. We evaluated the characteristics of NAFLD patients, focusing on those with normal body mass index (BMI).
Introduction
Non-alcoholic fatty liver disease (NAFLD) represents the most common cause of liver disease in industrialized countries [1, 2] . In two large population-based cohort studies (the Dionysos Study from Italy and the Dallas Heart Study from the USA) its prevalence ranged between 25% and 30% [3, 4] . In Greece, the prevalence of NAFLD in blood donors, based on elevated liver enzymes, was recently reported to be 18% [5] . The severity of NAFLD varies widely ranging from simple steatosis to steatohepatitis, advanced fibrosis and cirrhosis [6, 7] . NAFLD is considered to be the hepatic manifestation of the metabolic syndrome [8] . Its prevalence increases with age and it is far more common among obese subjects (75%) and among subjects with type 2 diabetes mellitus (34-74%). In particular in obese subjects with type 2 diabetes, NAFLD is an almost universal finding [9, 10] . Studies have also shown that the metabolic characteristics of NAFLD patients may be better predictors of the severity of NAFLD than the levels of alanine aminotransferase (ALT) [10, 11] . Despite the higher prevalence of NAFLD in obese individuals and its association with the metabolic syndrome, the disease may also be present in the lean population [12] . Data from the Dionysos Study showed that the prevalence of NAFLD in the lean, non drinking population in Italy is around 16% [13] . Another study [14] reported that 22% of non-diabetic NAFLD patients had normal body mass index (BMI). However, the proportion of NAFLD patients with normal BMI among all NAFLD patients coming for evaluation in outpatient clinics and their characteristics in comparison with the overweight or obese NAFLD patients have not been completely clarified. Therefore, the aim of this study was to evaluate the characteristics of a large cohort of patients with NAFLD focusing on those with normal BMI.
Materials and Methods
In total, 185 adult patients with NAFLD were admitted to our outpatient liver clinics between 2002 and 2010. Of them, 23 patients were excluded because of missing data and 162 patients were included in this study.
NAFLD was diagnosed in patients with abnormal ALT and/or gamma-glutamyl transferase (GGT) activity, evidence of liver steatosis at ultrasonography and/or liver histology and no other cause of liver steatosis or injury. In particular, all patients were negative for hepatitis B surface antigen (HBsAg), antibodies against hepatitis C virus (anti-HCV), antibodies against human immunodeficiency virus (anti-HIV), they reported no alcohol use or weekly alcohol use less than 210 g for males and 140 g for females, they did not use any potentially hepatotoxic drug or agent and did not have any systemic disease with potential liver involvement. The history of alcohol use was reported by the patients but also by relatives and/or friends, if possible.
Demographic characteristics, medical history data, anthropometrical measurements and laboratory data were recorded. The history of known arterial hypertension was recorded, while arterial blood pressure was also measured during the initial visit, with the patient being in a relaxed state. Presence of diabetes mellitus was recorded with diabetes being diagnosed in cases with a known history of anti-diabetic treatment use and/or fasting glucose >126 mg/ dL on more than one occasion. Height was measured with the participants wearing no shoes and weight was measured with the participants wearing light clothing. Standing waist circumference was measured at the high point of the iliac crests and hip circumference at the maximum circumference of the buttocks.
Laboratory data recorded for all patients included complete blood count, prothrombin time, serum levels of fasting glucose, cholesterol [high (HDL) and low density (LDL)], triglycerides, uric acid, urea, creatinine, liver enzymes [ALT, aspartate aminotransferase (AST), alkaline phosphatase, GGT, total protein, albumin], copper, ceruloplasmin, iron and ferritin, as well as detection of HBsAg, anti-HBc, anti-HBs, anti-HCV, anti-HIV, liver autoantibodies (anti-nuclear, anti-smooth muscles, anti-microsomial, anti-mitochondrial).
Definitions
BMI was considered to be normal if it was less than 25 kg/m 2 . Metabolic syndrome was defined according to the criteria of the National Cholesterol Education Program: Adult Treatment Panel III [15] . In particular, patients were considered to have metabolic syndrome, if they met three or more of the following criteria a) increased waist circumference: >102 cm for males or >88 cm for females, b) high triglyceride levels: ≥150 mg/dL or specific medication, c) low HDL cholesterol levels: <40 mg/dL for males or <50 mg/dL for females, d) fasting plasma glucose ≥110 mg/dL or specific medication or previously diagnosed type 2 diabetes mellitus, e) elevated arterial pressure: systolic ≥135 mmHg and/or diastolic ≥85 mmHg or specific medication or previously diagnosed hypertension. In this study, the fulfillment of the criterion of arterial pressure was based on the patients' previous history and repeated measurements and not on the single arterial pressure measurement on the day of baseline evaluation. Patients were considered to have dyslipidemia, if they met at least one of the following criteria: 1) cholesterol >200 mg/dL, 2) LDL cholesterol >120 mg/dL, 3) triglycerides >150 mg/dL at the time of diagnosis or during follow up, or 4) on treatment for dyslipidemia.
Statistical analysis
All analyses were carried out using the SPSS Statistics 19.0 (SPSS Inc, an IBM Company). Quantitative data were expressed as mean values ± standard deviation or as median (range) values. The normality of distribution of continuous quantitative variables was tested using the Shapiro-Wilk test or the Kolmogorov-Smirnov test, as appropriate. Comparisons between groups of quantitative variables with normal or abnormal distribution were performed using the t-test or Mann-Whitney test, respectively. Comparisons of categorical variables were performed using the corrected chi-square or the Fisher's exact test, as appropriate. A two-tailed P value <0.05 was considered to be statistically significant.
Results

Patient characteristics
The main demographic, medical history, anthropometrical and laboratory characteristics of the 162 patients with NAFLD are presented in Table 1 . The majority (59%) of the patients was male and their mean age at diagnosis was 47±14 years. Roughly half (52%) of the patients were non-smokers. Diabetes mellitus was present in 14%. Thirty percent of the patients had a history of arterial hypertension, whereas 71% of them were found to have increased arterial pressure (systolic pressure ≥135 mmHg and/or diastolic pressure ≥85 mmHg) at their initial visit. Dyslipidemia was very common (76%), while coronary artery disease was relatively uncommon (4%). Metabolic syndrome at diagnosis was present in 38% of the 162 patients. Of the patients with metabolic syndrome, 72% had increased waist circumference, 46% low HDL levels, 47% hypertriglyceridemia, 22% hyperglycemia and 28% hypertension. At least one criterion of metabolic syndrome was present in 93% of patients.
As expected, the majority (143/162 or 88%) of patients had increased BMI (≥25 kg/m 2 ), but there were 19 (12%) NAFLD patients with normal BMI (<25 kg/m 2 ). Waist circumference was increased in 71 (72%) of 99 patients with available data. In particular, waist circumference was increased in all (35/100%) female and 36 of 64 (56%) male patients (p<0.001). Table 2 shows the comparisons in the main characteristics between patients with normal and increased BMI. The gender distribution as well as the age of diagnosis did not differ significantly between these two groups. However, 79% (15/19) of the normal BMI patients did not have any comorbidity compared to 37% (49/143) of the patients with increased BMI (p=0.001). The prevalence of diabetes (normal vs. increased BMI group: 6% vs. 15%, p= 0.472) or family history for diabetes (33% vs. 43%, p=0.520) and the prevalence of arterial hypertension (17% vs. 29%, p=0.276) were numerically but not significantly lower in the normal BMI group. The prevalence of dyslipidemia was similar in the two groups (71% vs. 77%, p=0.556).
Patients with normal or increased BMI
As anticipated, patients with normal BMI had significantly smaller waist circumference compared to those with elevated BMI (94±6 vs. 108±10 cm, p<0.001). However, one third of the normal BMI patients had increased waist circumference. The waist-to-hip ratio, another indirect marker of visceral adiposity, was also significantly lower in the normal than increased BMI patients (0.93±0.06 vs. 0.97±0.06, p=0.024).
Normal compared to increased BMI patients had higher median ALT [92 (17-164) vs. 62 (14-704) IU/L, p=0.032] and AST levels [45 (18-121) vs. 37 (12-295), p=0.036], but the two groups did not differ significantly in total cholesterol, HDL and LDL cholesterol or triglycerides levels. Glucose and uric acid serum levels tended to be lower in the normal than increased BMI subgroup, but the differences did not reach statistical significance (glucose: 98±22 vs. 106±29 mg/ dL, p=0.052, uric acid: 5.1±0.9 vs. 5.9±1.6 mg/dL, p=0.061). Similarly, metabolic syndrome tended to be less common in patients with normal BMI (20% vs. 41%, p=0.160), while at least one criterion of metabolic syndrome was significantly less frequent in patients with normal than increased BMI (57% vs. 98%, p<0.001).
Discussion
Our data show that approximately one of 8 NAFLD patients admitted to the outpatient liver clinics of a tertiary Greek center have normal BMI. The inclusion of all patients with NAFLD followed at our clinics over a 9-year period suggests that the population of this study safely represents the patients with NAFLD coming for evaluation at the outpatient liver clinics of tertiary centers in Greece. Although lifestyle and diet modifications can result in BMI changes, the possibility of such modifications due to the diagnosis of NAFLD is very small in our patients, since we used data recorded at the patients' initial visit and before or at NAFLD diagnosis. NAFLD in non-obese patients has also been reported by others [8, 14, 16, 17] , even in children [18] .
The associations of NAFLD with obesity [6, 9] and the metabolic syndrome are well established in both Caucasians [14, 19, 20] and Asians [21] , but the definition of metabolic syndrome may not be fulfilled in the majority of NAFLD patients, at least of Caucasian origin [2, 14] . Similarly, most of the patients (62%) did not have metabolic syndrome. However, the vast majority of NAFLD patients (93%) fulfilled at least one criterion. This is also in agreement with data reported in other studies [14] . Our NAFLD patients with normal BMI seem to have metabolic disorders less frequently compared to overweight or obese NAFLD patients, since the prevalence of metabolic syndrome, diabetes, elevated glucose levels, arterial hypertension and low HDL or high triglycerides levels were all found to be numerically higher in the latter group. The absence of statistical significance in these comparisons might be due to type II statistical errors because of the relatively small number of cases in the normal BMI group. In any case, diabetes mellitus, dyslipidemia, arterial hypertension and ischemic heart disease are strongly associated with obesity in the general population [22] and therefore they are expected to be more common among the overweight or obese than in the normal BMI NAFLD patients. Almost all (98%) our patients with increased BMI had at least one criterion of metabolic syndrome compared to only 57% of the normal BMI cases (p<0.001). The most common feature of the metabolic syndrome was increased waist circumference, found in 72% of our patients and being significantly more frequent by definition in the increased than normal BMI group. The relationship of increased waist circumference with NAFLD is very prominent in Asians [17, 23] and relatively variable in Caucasians [24, 25] . However, in a recent study [26] increased waist circumference was reported to be present in only one third of NAFLD patients. Such a low prevalence of increased waist circumference in NAFLD patients may be related to the different anatomical area used for the measurement of waist circumference (at the level of the umbilicus in the study by Fracanzani instead of the midpoint between the lower border of the rib cage and the iliac crests in the Asian studies or the level of the iliac crests in the other studies) [27] .
Arterial hypertension has been associated with a greater risk of NAFLD in the general population [24, 28] . The prevalence of arterial hypertension did not differ significantly between our patients with normal and increased BMI, but the proportion of cases with increased arterial pressure at the initial visit was higher and significantly greater among the overweight and obese than in normal BMI patients (76% vs. 40%, p=0.004). Recent data [29, 30] suggest that white coat hypertension is not an innocent condition, since it is related to structural changes in the left ventricle and therefore could be associated with increased cardiovascular risk [30] . NAFLD patients have been reported to have early left ventricular diastolic dysfunction [31] and impaired myocardial metabolism even in the absence of hypertension or diabetes [32] .
The causes of NAFLD development in patients with normal BMI and no metabolic risk factor have not been completely clarified. Given the multi-factorial pathogenesis of this disease [6] genetic factors and/or specific dietary habits might be responsible for the development of NAFLD in lean individuals, even in the absence of metabolic disorders [33] [34] [35] [36] . An increased intake of dietary fat has been suggested to lead to increased accumulation of lipids in the liver, thus leading to hepatic steatosis [37] . More specifically, a higher nutritional intake of cholesterol and a lower intake of polyunsaturated fatty acids has been reported by non-obese NAFLD patients compared to controls in a Japanese study [38] , while a higher intake of soft drinks and meat has been shown to be associated with an increased risk of NAFLD, independently of BMI [36] .
Regardless of dietary habits, NAFLD has been repeatedly shown to be associated with insulin resistance independently of BMI [8, 25, 39] . In particular in non-obese subjects, dysglycemia was found to be an independent risk factor for NAFLD [16] . The absence of the evaluation of serum insulin levels and insulin resistance is a limitation of our study, but other studies have reported that insulin resistance is frequently present in lean NAFLD patients even without other metabolic disorders [17, 39, 40] . It has also been shown that NAFLD patients, compared to healthy controls, have a higher degree of insulin resistance, even if they have fasting plasma glucose, fasting insulin levels and serum lipids within the normal range [40] . Since the degree of insulin resistance and prevalence of metabolic syndrome may increase from lean to overweight and obese NAFLD patients [14, 17, 40] , it could be assumed that NAFLD often develops in the early phases of insulin resistance before the development of clinically evident metabolic disorders.
Although NAFLD has been shown to be closely associated with insulin resistance, this may not be the case for all NAFLD patients. A recent review by Tilg and Moschen [37] implies that inflammation may precede hepatic steatosis. In that context, the authors implied that steatosis is a "by-stander phenomenon" and not necessarily the cause of inflammation, adopting a multiple hits hypothesis in order to explain the pathogenesis of NAFLD. This is in agreement with the results of a study by Sanyal [41] , which showed significant improvement in liver histology of NAFLD patients receiving vitamin E, an anti-oxidant agent, without any change in the degree of insulin resistance. These data give insight into the mechanisms involved in the development of hepatic steatosis and inflammation, which might also apply to the lean individuals.
An interesting finding was that our NAFLD patients with normal BMI were found to have significantly higher serum ALT and AST levels, compared to the overweight or obese patients. This finding might be related to a lower clinical suspicion of NAFLD in normal BMI individuals, in whom higher or persistently abnormal aminotransferase levels may be required before the admission to liver clinics and the initiation of diagnostic work-up. In contrast, mild or transient elevations of aminotransferases are often considered enough to raise the suspicion and justify further diagnostic procedures in individuals with increased BMI [42] . In addition, only GGT elevations can raise the suspicion of NAFLD in obese individuals [42] resulting in the diagnosis of NAFLD in patients with increased BMI and even normal ALT levels. Higher prevalence of normal ALT in obese patients with NASH has also been reported in another study including 97 patients with morbid obesity [43] . It should be noted, however, that the development of NASH and the severity of fibrosis are not necessarily associated with the levels of aminotransferases [10, 11] , but with the presence of obesity and diabetes mellitus, underlining the importance of the metabolic disorders in NAFLD.
In conclusion, more than 10% of patients with NAFLD referred to tertiary liver centers have normal BMI. These patients may have clinically evident metabolic disorders, but at a lower prevalence compared to overweight or obese NAFLD patients. Whether all NAFLD patients with normal BMI are at increased risk for subsequent development of metabolic disorders should be prospectively evaluated.
Summary Box
What is already known:
• Non-alcoholic fatty liver disease (NAFLD), the most common cause of liver disease in industrialized countries, is considered to be the hepatic manifestation of the metabolic syndrome • NAFLD is much more common in obese than lean subjects • NAFLD may also be present in the lean population, but the proportion and the characteristics of NAFLD patients with normal body mass index (BMI) have not been completely clarified
What the new findings are:
• Approximately 1 of 8 NAFLD patients coming to tertiary liver centers has normal BMI • NAFLD patients with normal BMI:
a. do not necessarily have insulin resistance associated metabolic disorders b. have higher levels of ALT/AST than the overweight or obese NAFLD patients
